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Abstract: The processing of uncertain information is increasingly becoming a hot topic in the artificial 
intelligence field, and the information measures of uncertainty information processing are also 
becoming of importance. In the process of decision-making, decision-makers make decisions mostly 
according to information measures such as similarity, distance, entropy, and cross-entropy in order to 
choose the best one. However, we found that many researchers apply cross-entropy to multi-attribute 
decision-making according to the minimum principle, which is in accordance with the principle 
of distance measures. Thus, among all the choices, we finally chose the one with the smallest 
cross-entropy (distance) from the ideal one. However, the relation between cross-entropy and 
distance measures in fuzzy sets or neutrosophic sets has not yet been verified. In this paper, we mainly 
consider the relation between the discrimination measure of fuzzy sets and distance measures, where 
we found that the fuzzy discrimination satisfied all the conditions of distance measure; that is to 
say, the fuzzy discrimination was found to be consistent with distance measures. We also found 
that the cross-entropy, which improved when it was based on the fuzzy discrimination, satisfied 
all the conditions of distance measure, and we finally proved that cross-entropy, including fuzzy 
cross-entropy and neutrosophic cross-entropy, was also a distance measure. 


Keywords: discrimination; cross-entropy; distance measure; consistency 


1. Introduction 


In the real world, there exists much uncertain, imprecise, and incomplete information, meaning 
that there are also many tools to settle them. Zadeh [1] first proposed the concept of a fuzzy 
set, which, defined by a membership function, is used to depict the membership value of one 
object to a set. Atanassov [2] proposed an intuitionistic fuzzy set (IFS) described by two functions, 
including a membership function depicting the membership value, and a non-membership function 
depicting the non-membership value of one object to the intuitionistic fuzzy set. The intuitionistic 
fuzzy set is the extension of a fuzzy set through adding a non-membership function. It has 
provided a more flexible mathematical framework to process uncertainty, imprecise, and incomplete 
information. Smarandache [3] firstly proposed the notion of neutrosophy and a neutrosophic set in 
1998. The neutrosophic set is defined by the truth-membership function, indeterminacy-membership 
function, and the falsity-membership function, and it is comprised of a membership value, 
non-membership value, and indeterminacy-membership value. The neutrosophic sets theory has 
been successfully applied in the image-processing field by Vlachos and Sergiadis [4]. Therefore, Wang 
et al. [5] put forward the definition of a single-value neutrosophic set (SVNS) and some operations 
for better application in real scientific and engineering fields. A single value neutrosophic set is the 
extension of fuzzy set, and the SVNS theory also provides us with a more convenient tool for the 
uncertain information processing. Recently, some researchers have devoted themselves to the study of 
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the single-value neutrosophic set theory and its applications, and achieved some successful results 
in some fields. Zhang et al. [6-10] did a lot of research about neutrosophic sets, and proposed a new 
kind of inclusion relation and new operations in SVNSs; furthermore, they also discussed the algebraic 
structure and some applications in algebraic systems. 

Information measures are essential to decision-making in information processing, including 
the similarity function, distance or divergence function, and entropy and cross-entropy. These 
information measures are widely applicable in things like image processing, clustering, and pattern 
recognition. Liu et al. [11] applied a single-value neutrosophic number to the Decision-Making 
Trial and Evaluation Laboratory Method, and consequently presented the SVNN-DEMATEL (single 
value neutrosophic number-Decision-making Trial and Evaluation Laboratory Method) model. 
Mukhametzyanov et al. [12] provided an analysis about some multi-criteria decision-making (MDM) 
methods and the final selection, and presented a result consistency evaluation model. Tu et al. [13] 
introduced some simplified neutrosophic symmetry measures and applied it to their decision-making. 
The similarity function is mainly used to measure the level of similarity between two objects. Entropy 
is usually to depict the degree of uncertainty of one object, and is very important for measuring 
uncertain information. Cross-entropy can depict the discrimination degree of two objects, and we can 
judge their relation from it. Therefore, cross-entropy has many applications in information measures, 
decision-making, pattern recognition, and so on. Zadeh [14] firstly proposed the entropy of fuzzy 
events based on Shannon entropy. Kullback [15] was concerned with an information measure which is 
known as “distance” or “divergence”, depicting the relationship between two probability distributions. 
Therefore, it can serve as an information measure which can indicate the degree of discrimination. 
Furthermore, a new kind of information measure called the “cross-entropy distance” of two probability 
distributions was introduced by Kullback. DeLuca and Termini [16] introduced the notion of fuzzy 
entropy and some axioms to express the fuzziness degree of a fuzzy set, according to Shannon’s 
function. Then, the fuzzy entropy was generalized to the interval-valued fuzzy sets and intuitionistic 
fuzzy sets by Burillo and Bustince [17]. Szmidt [18] defined intuitionistic fuzzy entropy in a new way. 
Wei et al. [19] proposed interval-valued intuitionistic fuzzy entropy. Cross-entropy can be used to 
depict the degree of discrimination between two objects. Therefore, many researchers have modified 
cross-entropy measures. For example, Lin [20] proposed divergence based on Shannon entropy, 
and it is a type of modified fuzzy cross-entropy. Bhandari [21] introduced fuzzy divergence between 
two fuzzy sets. Shang et al. [22] put forward fuzzy cross-entropy and a symmetric discrimination 
measure, which was improved by fuzzy divergence and can be used to describe the discrimination 
degree between two fuzzy sets. Vlachos and Sergiadis [4] presented intuitionistic fuzzy cross-entropy, 
and also found a connection between fuzzy entropy and intuitionistic fuzzy entropy in terms of 
fuzziness and intuitionism. Verma [23,24] introduced the divergence measure, which is an information 
measure that can depict the discrimination degree. Cross-entropy measures were generalized to 
single-valued neutrosophic sets and applied to multi-criteria decision-making by Ye [25]. Since then, 
Shahin [26] has continued to generalize the cross-entropy measure to interval neutrosophic sets, and 
introduced its application in multi-criteria decision-making. 

In our study, we found that the fuzzy discrimination proposed by Bhandari [21] and improved 
fuzzy cross-entropy by Shang [22], as well as neutrosophic cross-entropy introduced by Ye [25] all 
have similar properties with distance measures, such as non-negativity, symmetry, and when the 
cross-entropy (distance) between two fuzzy sets is 0, if and only if the two fuzzy sets are completely 
equal. Furthermore, the decision principle of cross-entropy and distance applied in decision-making 
are also the same. That is to say, in the process of decision-making, among all the choices, we finally 
chose the one with the smallest cross-entropy (distance) from the ideal one. Based on the above 
analysis, we tended to study their relationships between cross-entropy and distance measure. There 
has been no previous research about their relationships between cross-entropy and distance. So, 
we mainly proved that the fuzzy discrimination and improved fuzzy cross-entropy and neutrosophic 
cross-entropy based on discrimination are distance measures in fact. We also present all the proof 
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about fuzzy discrimination and improved fuzzy cross-entropy and neutrosophic cross-entropy based 
on discrimination satisfying all the conditions of distance in the paper. In Section 2, we mainly 
introduce some relevant knowledge, and provide proof that the fuzzy discrimination measure satisfies 
all the conditions of a distance measure, i.e., it is actually a kind of distance measure. In Section 3, 
we mainly prove that the fuzzy cross-entropy satisfies all the conditions of a distance measure, and 
that cross-entropy in single-value neutrosophic sets is also a kind of distance; that is to say, that the 
cross-entropy measure is consistent with distance measures. 


2. Fuzzy Discrimination Is Consistent with Distance Measure 


Let X be a universe course, and a fuzzy set A is denoted by a membership function 4 (x) which 
is used to express the degree of belongingness of one point x € X to the set A, and for all x € X, 
wa(x) € [0,1]. When p4(x) = 0 or w(x) = 1, then A becomes a crisp set. 


Definition 1 ([1]). Let X be a universe course, and fuzzy set A defined on X be given as: 


A= {(x,ug(x)) | x © X} 
where px : X — [0,1], and every point has a membership value to express the degree of belongingness to a set. 


Let FS(X) be the set of all the fuzzy sets. The following are some properties of fuzzy sets: 
M,N,T € FS(X), 


(1) if MCN, then p(x) < pn(x); 
(2) ifMCN,NCM,thenM =N; 
(3) if MCN,N CT,thenM CT. 


Definition 2. Bhandari [21] proposed the fuzzy discrimination measure which is used to express a 
discrimination degree in favor of A against B. A,B € FS(X) are defined as follows: 


_y¥ ey in EMO) nee) In eo eM) 
1(M,N) = Lil i)1 ante) + (1— ym( Dearne 


It is obvious that I(M, N) > 0. I(M,N) = Oif, and only if M = N. Bhandari [21] also defined 
E(M,N) = I(M,N) + I(N,M) for symmetry. 

From the above, the fuzzy discrimination has similar properties, such as distance measures 
(except for one axiom of distance measure), and they also have a similar principle corresponding to 
the principle of minimum cross-entropy. In other words, there exists a perfect solution, A, but because 
it is generally unlikely to exist in a real situation, we should aim to find a solution which is likely to 
exist in the real world denoted by B,C,..., so that we can get their cross-entropy to A. We ended up 
choosing the smallest cross-entropy, and the solution corresponding to the smallest cross-entropy was 
the optimal solution. The distance measure also had the same principle as the cross-entropy. 


Definition 3. A function D : FS(X) x FS(X) — [0,1] was named as the distance measure on FS(X) so that 
the following conditions [10] could be satisfied, and A,B € FS(X), 


GQ) Us D423) 27 

(2) D(A,B) =0, ifand only if A = B; 

(3) D(A,B) = D(B, A); 

(4) if AC BCC, then D(A,C) > D(A,B),D(A,C) > D(B,C). 


We redefined the fuzzy distance measure as follows, considering the infinity of the discrimination 
measure: 
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Definition 4. A function FD : FS(X) x FS(X) — [0,00) was named as the fuzzy distance measure so that 


the following conditions were satisfied, and A,B € FS(X), 


(1) FD(A,B) >0; 

(2) FD(A,B) =0, ifand only if A = B; 

(3) FD(A,B) = FD(B, A); 

(4) if A C BCC, then FD(A,C) > FD(A,B), FD(A,C) > ED(B,C). 


It is obvious that the symmetry fuzzy discrimination has satisfied the first three conditions of 


fuzzy distance: 

(1) E(M,N)>0 

(2) E(M,N) =0, if and only if M = N; 
(3) E(M,N) = E(N,M). 


Thus, we just needed to verify that the fuzzy discrimination satisfied condition (4) of the fuzzy 


distance measure. 


Theorem 1. Let m,n,t be three numbers in [0,1]. Ifm <n < t, thenE(m,t) > E(m,n),E(m,t) > E(n,t). 


Proof. We provided 01In0 = 0, 5 = 0. 


E(m,n) = I(m,n) + 1(n,m) = (m—n) in) + (a — m) n(—") 
E(n,t) = I(n,t) + I(tn) = (n—#)In(2) + (tn) nT) 
(im, t) = I(m,t) + I(t m) = (m —t)in() + (Fm) m(—") 
Firstly, we needed to prove that (3) > (1). 
(3) = mn)" nF = (yy 
(1) = nf yr" yo 
(3) — (1) = maf yt ym Bye yr 


Then, f(t) = A*B*C, f/(t) = A* (Bl *C + Bx C’) 


OB = (elm—)in By — elms) #) g (In) — B= F) = Ba (—n(%) — 24) 
ot t t t 
oC 1m 1-—m t—m 
eee at (t—m) In(==*) yr = Loss 
ap Pe CRN er Gag) 

i m m—t 1—m t—m 
f (t) =AxBxCx( In(-) ; tIn(5—)4 ere 


It is obvious that A, B,C > 0. 


Since 0 < m <n < t, then ™ < 1,In(™) < 0,4-™ > 1,In(4£*) > 0. That is, f’(t) > 0. 


(1) 


(2) 


(3) 
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When n = t, f(t) = f(n) =1. Whent > 1, f(t) > f(n) = 1, then In f(t) > 0 
That is to say, the original (3) — (1) > 0,ie., E(m,t) > E(m,n) has been obtained. 
From here, we continue to prove that (3) > (2). 


(2) = n[(B yy 
(3) — (2) = nf yt ym Ey 
Let g(m) = (HE )mt(daayom( Dy t(fetyion 
a Ca aa co er aa 
Then, g(m) = D*B*C,g'(m) = D* (B'* C+ BxC’) 
Se = (61 = Bax (In) + B=) 
aC tm) In(At) yr _ py —m m—t 
So = (el CEP = Bx (—In(—™) + A) 
; RU! MOE baie), Te 
g(z) =D*B*Cx(In(—) 4 j ie pene eae peer) 


It is obvious that D > 0. 

Since 0 < m<n<t, then ™ <1,In(®) <0, -™ > 1,In(42*) = 0. That is, g’(m) < 0. 
When m = n, g(m) = g(n) =1,thenm <n, ged whens Gay g(n) = 1, then In g(m) > 0 
That is to say, the original (3) — (2) > 0,ie., E(m,t) > E(n,t) has been obtained. 


Finally, we obtained the proof of the theorem. 


Theorem 2. Let X be a universe course, M,N,T € FS(X). If M C N C T, then E(M,T) > 
E(M,N),E(M,T) > E(N,T). 


E(M,N) = I(M,N) + 1(N,M) = D0! (wa (xi) — perv (a)) bn RMD + (yy (xj) — pean (xi) In HED (4) 


E(N,T) = I(N,T) + I(T, N) = Diy (ww (xi) — er(xi)) in ED + (er(x;) — pov (x) In MED) 


PT 


E(M,T) = 1(M,T) + 1(T,M) = Dy (am (xi) — er (xi) In MED + (ep (xj) — a(x) In MED 6) 


From here, we need to prove that (6) > (4) and (6) > (5). 

Since M C N C T, then p(x) < wn (xi) < er(x;), and p(x;) € [0,1], Vx; € X. 

From Theorem 1, we know that the Theorem has been satisfied to every single membership value, 
meaning that the proof can be easily obtained from Theorem 1. 


Example 1. Let X be a space of the universe course M,N,T € FS(X), where M = {(x,0.5)|x € 
X},N = {(x,0.7)|x € X},T = {(x,0.9)|x € X}. Clearly, M C N C T, and we can get E(M,N) = 
0.1695, E(N, T) = 0.2700, E(M, T) = 0.8789; that is, E(M,T) > E(M,N), E(M,T) > E(N,T). 


Theorem 3. The above-defined symmetry fuzzy discrimination is a distance measure. 


Finally, the above proves that the symmetry fuzzy discrimination, defined by Definition 2, is 
consistent with the distance measure from the above theorems. 
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3. Fuzzy Cross-Entropy Is Consistent with Distance Measure 


Bhandari and Pal pointed out that the fuzzy discrimination has a defect—when [ig (x;) approaches 
0 or 1, its value will be infinity. Thus, it has been modified on the basis of directed divergence proposed 
by Lin [20], and also modified by Shang et al. [22] as follows: 


Definition 5 ([22]). Let M,N € FS(X), where we can define a fuzzy cross-entropy as: 


nN 


Be(MN) = Yo (nal In a a) + (1 em) IG —F75 


1 Um (Xi) ) 
(um (xi) + HN (xi)) 


This shows that it is well-defined and independent of every value of j(x;), which can express the 
discrimination degree of A from B. 


It also has the same properties as the above discrimination measures, in that when Ip(M, N) > 0, 
Ihb(M, N) = Oif, and only if M = N. 

Let Eo(M, N) = b(M,N) + b(N, M); then, symmetry is satisfied. Thus, we mainly consider how 
the above-defined fuzzy cross-entropy E7(M, N) satisfies Condition (4) of the distance measure. 


um (xi) )4 


ahi 1— ¢m(xi) 
um(x;) + pn (x;)) EO gaat) (772 ) 


E>(M,N) = Lm) nT (em (xi) + pn (2%) 


(7) 


“ UN (Xj) 1 — pn (xj) 
+2 wn) NT G(x) twa) tO BNO) IG a aaa) + ew) 


Theorem 4. Let m,n,t be three numbers in {0,1]. Ifm <n < t, then Ey(m,t) > Eo(m,n),E (m,t) > 
Ep(n, t). 


Proof. 
Ep(m,n) =Ip(m,n) + (n,m) = min GF ay) a ™ IN at EA)" 
(8) 
n 1—-n 
aa COLIC. (1 nM aoe En): 
Ea(n,#) =h(0#) + bln) = nina) + (1 MING 
(9) 
t 1-t 
mCyrice aye ac LCS IFICEEYy 
m 1-—m 
Ex(m,t) =Ia(m,t) + h(t,m) = min(55™ + (1—m)in(s 4 
1/2( =, 1—1/2(m +t) (10) 
Oitmaa) aime 
We firstly prove that (10) > (8). 
We provided 01n0 = 0, F = 0. 
m™ m | 1—m —m | t t 4 L=4t —t 
(10) = INT FH)? HGH) 75m +8)? In 7am 4) 
m 1—m 


cam | t 1-t 4 


Tam +8) “T1720 EH)? 


= nl T7a¢m+ Hh? (T= 17200 +8) 
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0) =) = WER rE aA an Ath 
Let f(z) = (SEE) " (Pee)! RE) (ae ope) (ye 
s= CEr CARE a Bete ioe CAAA cn Nt 
Then, f(t) = A*B*C «xD» E, f!(t) = A(B/CDE + BC/DE + BCD’E + BCDE’) 
° = (eM inet) )! = elf INF) 5 (—) ee (—) 
oe = (ena)! = Cx (In) +) 
o = (ery = Ba ( GS TEES i xn +1)? 
F(t) = As BxCxDxEx (In) i ee 


11/248) 

It is clear that A,B,C,D,E > 0. SinceO <m<n< t, then2¢ > m+t,In(24) >0,1-t> 
1—1/2(m +#),In( 7x) < 0. That is, f(t) > 0. When t = n, f(t) = f(n) = 1, thent > n. 
Where f(t) > f(n) = 1, then In(f(f)) > 0. 


That is to say, the original (10) — (8) > 0, meaning that E(m,t) > E(m,n) has been obtained. 
From here, we continue to prove that (10) > (8) 


n . 1l—n = t i ead -t 
) = IaH? Cesvicen Tah) T-1Rws N 


(10) — @y Saf yt 2m n+t 


l1—m 
m+t 


. , LSet APSE ge Ai Uy OG Egos 
Het? ( 2n ) Compre Cerca ‘( 1l—n )' 


Let gm) = (285)! 285)" BE)" at)" ES 


jit ee) a 
1—1/2(m+t) 1-1/2(m+t) —n 

AGTH AIAN eb) ed ge Sc OM age oat = 1l—m ine gh V2) 
MeN 1l-n , Cog te (+P a (ape (T7720 +8) ye 


jit 
T—1/2(m+t) ’ 


Then, g(m) = M* N * P* Q*S,g'(m) = M(N'PQS + NP’QS + NPQ'S + NPQS’') 


2m t 
mo ae 
aP t 
oF =px(-—) 
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dQ 1—m ; fos 
dm 2* 1 /a(m +8) | 2— (m+)? 
as 1-t 


am “= Gad 


2m 1—m 
ee In 7am +H)” 


ee ee N,P,Q,S >0,since0 <m<n<t,then2m <m-+t, In 2 <0,1-m> 
1—1/2(m 4 t),In-— Tima > 0; that is, ¢’(m) < 0. When m = n,g(m) = g(n) = 1, thenm < n, 
and when g(m) > f(n) = 1, then Ing(m) > 0. That is to say, the original (10) — (9) > 0, meaning 


that E2(m,t) > E2(n,t) has been obtained. 


g(x) =M*N*P*Q*xS x (In( 


Finally, we obtain the proof of the theorem. 


Theorem 5. Let X be a universe course, M,N,T € FS(X). If M C N C T, then E,(M,T) > 
E>(M, N), E2(M,T) > E2(N,T). 


E>(M,N) =b(M,N) + h(N,M) 


#m(xi) | ing (x;)) In 1 = p(x i) 
=F pal i) UDINE ) + BG)? EEN) (172g) + av Dy? (11) 


Hn (xi) eS 1 — un(xi) 
+L nGGEG) tm) tO OO" GaGa) 


BINT) Sb BEN) 
1— pn (xi) 


Un (Xi) f x,))In 
= Dnt TPG) + reap TAINO arate) +N) — 2) 
Lr (xi) via 1 — pr (xi) 
Dv “(TG ) eaneay * Gate) tae) 


E,(M,T) =(M,T) + h(T,M) 


_y um (Xi) Josteeh ii 1 — pm(xi) 
= Lali) Ty tae) tA MMOD ING aD) (13) 


- 7 ur (xi) - 1 — pr(x;) 
+ Linn In Gace) + apap) tL DING a 75 aaaay FED) 


We can easily obtain the proof from Theorem 3. 


Example 2. Let X be a space of universe course, M,N,T € FS(X), in which M = {(x,0.5)|x € 
X},N = {(x,0.7)|x € X},T = {(x,0.9)|x € X} Clearly, M C N C T, and we can get E,(M,N) = 
0.042, E>(N, T) = 0.0648, Eo(M, T) = 0.2035; that is, Ey(M, T) > Eo(M, N), E2(M, T) > Eo(N,T). 


Theorem 6. The above-defined symmetry fuzzy cross-entropy is a kind of distance measure. 


4. Neutrosophic Cross-Entropy Is a Distance Measure 
Smarandache [3,27] firstly proposed the definition of a neutrosophic set, which is an extension of 


an intuitionistic fuzzy set(IFS) and an interval-valued intuitionistic fuzzy set, as follows: 


Definition 6 ([3]). Let X be a universe course, where a neutrosophic set A in X is comprised of the 
truth-membership function T 4 (x), indeterminacy-membership function I, (x), and falsity-membership function 
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F(x), in which T(x), I(x), Fa(x) : X 3]07,17[. 
There is no restriction on the sum of T,(x),14(x),F4(x),s00~ < supTa(x) + supl4(x) + supF4(x) < 3°. 


Wang et al. [5] introduced the definition of single value neutrosophic set (SVNS) for better 
application in the engineering field. SVNS is an extension of the IFS, and also provides another way in 
which to express and process uncertainty, incomplete, and inconsistent information in the real world. 


Definition 7 ([5]). Let X be a space of points, where a single-value netrosophic set A in X is comprised of the 
truth-membership function T 4(x), indeterminacy-membership function L4(x), and falsity-membership function 
F(x). For each point x in X, Ta(x),14(x), F(x) € [0,1]. Therefore,a SVNS A can be denoted by: 


A = (x,T,4(x), 14(x),Fa(x)) |x EX 
There is no restriction on the sum of T,(x), 14(x), Fa(x), 800 < supT,(x) + supl,(x) +supFa(x) <3. 


The following are some properties about SVNSs M and N: 
Let X be a universe course, SV NS(X) be the set of all the single-value neutrosophic sets, and M, N,T € 
SVNS(X): 


(1) MC Nif, and only if T(x) < Ty (x), Im (x) > In(x), Fu (x) > F(x) for every x in X [5]; 
(2) M=Nif,and only if A C Band B C A [5]; 
(3) IfMCN,N CT,thenM CT. 


Then, Ye [25] first generalized the fuzzy cross-entropy measure to the SVNSs. The information 
measure of neutrosophic sets are composed of the information measure of the truth-membership, 
indeterminacy-membership, and falsity-membership in SVNSs. Let M,N € SVNS(X), where Ye 
introduced the discrimination information of Ty4(x;) from Ty (x;) for (i = 1,2,...,2) on the basis of the 
definition of fuzzy cross-entropy I7(M, N) as the following; 


1 — Ty (x;) ) 
1 —1/2(Tm(xi) + Tn (xi)) 


i} (M,N) = D (Tu (xi) In( TEUTEAES IEA) 


1 


) + (1— Ta (x;)) In( 


We can define the following information in terms of the indeterminacy-membership function and 
the falsity-membership function in the same way: 


nes 1— Im(xi) 
M (1 T(x) IN 75) + Tal) 


) 


(M,N) = d(x) BEC PIGARES) + TnGen) 


. Fu (xi) 1 — F(xi) 
1 — Fyy(x;)) In 
> T/2(Eu (xi) + Fen) * 2 PM) NG aca) + Ev) 
Definition 8 ([25]). The single-value neutrosophic cross-entropy about M and N where M, N € SVNS(X) 
can be defined as follows: 
(M,N) = (M,N) + (M,N) + If (M,N) 


It can also be used to express the degree of differences of M from N. According to Shannon’s 
inequality, it is clear that I;(M,N) > 0, and I5(M, N) = 0 if, and only if M = N. That is, Tyy(x;) = 
Tn (xj), Im (xi) = In(x;), Fu (xi) = Fu (x;) for any x € X. Then, the neutrosophic cross-entropy can be 
modified as E3(M, N) = I3(M, N) + I3(N, M) for the symmetry. 


Theorem 7. Let X be a space of the universe course, M,N,T € SVNS(X). If M C N CT, then E3(M,T) > 
E3(M,N), and E3(M,T) > E3(N,7). 
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According to the proof of Theorem 4, we can easily find that EJ(M,T) > 
E(M,T) > E}(N,T). Inasimilar way, E}(M,T) > E4(M,N),and E}(M,T) > EJ(N, 
E3(M,N), and E5(M,T) > E5(N,T), meaning that E3(M,T) > E3(M,N),E3(M, 
Thus, conclusively, we were able to easily obtain the proof. 


Example 3. Let X be a space of the universe course, M,N,T € SVNS(X), where M = {(x,0.5,0.3,0.7) | 
x € X},N = {(x,0.7,0.2,0.5) | x € X},T = {(x,0.8,0.1,0.1) | x € X}. 
It is clear that M C N C T, and we can obtain: 


E} (M,N) = 0.0420, Ef (N,T) = 0.0134, E} (M,T) = 0.1013; 
that is, ES (M,T) > E3(M,N),E3(M,T) > E3(N,T). 
E}(M,N) = 0.0134, E}(N,T) = 0.0199, E4(M, T) = 0.0648; 
that is, E}(M,T) > E4(M,N),E4(M,T) > ES(N,T). 
E5(M,N) = 0.0420, E5(N,T) = 0.2035, E5(M,T) = 0.4101; 
that is, E5(M,T) > E5(M,N), E5(M,T) > ES(N,T). 
E3(M,T) = E4(M,T) + E4(M,T) + E4(M,T) = 0.5762, E3(M, N) = 0.0974, E3(N,T) = 0.2368. 


Thus, EX(M,T) > E5(M,N), Ek (M,T) > Ef(N,T). 
Theorem 8. The above-defined symmetry neutrosophic cross-entropy is a distance measure. 


5. Conclusions 


On account of these similar properties between distance measure and cross-entropy (such as 
non-negativity and symmetry), and when the cross-entropy (distance) between two fuzzy sets is 0 if, 
and only if the two sets coincide. We also found that the decision principle of cross-entropy is consistent 
with decision principle of distance measure in decision-making. That decision principle is, among all 
the choices, we finally chose the one with the smallest cross-entropy (distance) from the ideal solution. 
Based on the above analysis, we tend to studied their relationships. In this paper, we mainly proved 
that the fuzzy discrimination and improved fuzzy cross-entropy and neutrosophic cross-entropy based 
on fuzzy discrimination were distance measures in fact. That is to say, the symmetry cross-entropy 
mentioned in this paper is consistent with the distance measure. In the future, we will try to simplify 
the formula and propose an improvement to it. It is how the cross-entropy formulas are composed of 
logarithmic functions which is what makes the calculation so complicated. 
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